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PURPOSE: To improve magnetic characteristics by residual amorphous phase of a quench R-Fe-B 
permanent magnet. 

CONSTITUTION: In quench permanent materials containing one or more rare earth metal elements (R) and 
B with Fe as principal component, said permanent magnet materials comprise a soft magnetic residual 
amorphous phase less than 10 area percent, a remainder and a crystalline phase containing an R-Fe-B 
hard magnetic compound. Powder of these permanent magnetic materials is subjected to plastic working 
and bulk magnets are produced. 
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CLAIMS 



[Claim(s)] 

[Claim 1] A permanent magnet material characterized by consisting of a crystalline substance phase which 
Fe is used as a principal component (however, it is less than [ 91at% ]), and the remainder generates by 
heat treatment substantially including a soft magnetism residual amorphous phase below 10 area % in a 
quenching permanent magnet material containing one sort or two sorts or more of rare earth elements (an 
abbreviated name is set to "R") and boron, and contains a R-Fe-B system hard magnetism compound. 
[Claim 2] A permanent magnet material according to claim 1 characterized by said crystalline substance 
phase containing a magnetic matter phase still smaller than width of face of a magnetic domain wall. 
[Claim 3] A permanent magnet material according to claim 1 or 2 characterized by for said boron, said rare 
earth elements, and oxygen condensing, and existing and changing out of said crystalline substance phase 
in said amorphous phase at high concentration. 

[Claim 4] A permanent magnet material according to claim 3 which a ratio of a content of boron contained 
in said crystalline substance phase and boron contained in said amorphous phase is in the range of 1:1.5- 
1:7. and a ratio of a content of oxygen contained in said crystalline substance phase and oxygen contained 
in said amorphous phase is in the range of 1:1.5-1:7. and is characterized by mean particle diameter of a 
crystalline substance phase being 5-100nm. 

[Claim 5] A permanent magnet material given [ to claims 2-4 ] in any 1 term with which a crystalline 
substance phase of said permanent magnet material consists of alpha-Fe and Fe3 B and Nd2 Fe14B, and 
an amorphous phase consists of B which is R and 0 - 25at% which is Fe and 5 - 20at% which is 70 - 90at%. 
[Claim 6] A presentation expressed by at% of permanent magnet material Fea Rb Be X d (However, R 
shows one sort or two sorts or more of elements of the rare earth elements.) X Co, Si, Cu. Ti, Zr. Hf, V, Nb, 
Ta, Mo. It is expressed, one sort chosen from W, aluminum, Cd, Au, In, Mg, nickel, Pd, Pt, Ru, Sn, and Zn, or 
two sorts or more of elements — it is — A permanent magnet material given [ to claims 1-5 characterized 
by being 40<=a<91. 4.5<=b<=35. 0.5<=c<=30. 0<=d<=5, and 9.5 <=b+c ] in any 1 term. 

[Claim 7] 65<=a<=90, 4.5<=b<=7.9. 2<=c<=10. 0<=d<=5. a permanent magnet material according to claim 6 
that is 10 <=b+c. 

[Claim 8] A permanent magnet material given [ to claims 1-7 whose rare earth elements are Nd ] in any 1 
term. 

[Claim 9] A permanent magnet characterized by combining a permanent magnet material given [ to claims 
1-8 which have a powder gestalt ] in any 1 term by resin. 

[Claim 10] A permanent magnet characterized by sticking by pressure a permanent magnet material given 
[ to claims 1-8 which have a powder gestalt ] in any 1 term by plastic working. 

[Claim 1 1] A permanent magnet according to claim 10 characterized by carrying out extrusion and having a 
magnetic anisotropy in the direction of extrusion. 

[Claim 12] A manufacture method of a permanent magnet according to claim 10 which carries out extruding 
of the end of rapidly solidified powder. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] If this invention is described in more detail about a permanent magnet material, it 
relates to an iron-rare-earth-elements-boron system quenching permanent magnet material, a permanent 
magnet, and its manufacture method. 
[0002] 

[Description of the Prior Art] The Nd-Fe-B system bond magnet which was excellent in magnetic 
properties about the magnet with which small and lightweightHzation an electric product, for autoparts, etc. 
are called for is expected. According to JP.4-47024,B. it is Nd15Fe 8887. The liquid of the 5 yuan system 
presentation which added Co and Y into the Nd-Fe-B system alloy represented is used as a quenching thin 
band, and the permanent magnet which solidified with Nylon the powder which ground this next is indicated. 
Moreover, the magnetic energy of the quenching thin band is maximum energy product (BH) max. It is said 
that they are more than 1 7MG0e(s) (1 35 kJ/m3). 

[0003] It is also well-known to heat-treat an amorphous alloy thin band and to deposit a microcrystal by 
above-shown JP,4-47024,B. and it is specifically Ndl1Fe72Co eight B7.5V1.5. It has heat-treated for 10 
minutes at 650 degrees C. Maximum energy product (BH) max after heat treatment They are 18MGOe(s) 
(143 kJ/m3). 

[0004] JP,3-52528,B indicates the method of performing annealing so that the hard magnetism fine 
crystalline substance phase of 20-400nm may deposit the liquid quenching magnet alloy by which a 
presentation is expressed with NdO.1-0.5 0.9(TM 0.9-0.995B0.005-0.1 )-0.5 (however, TMs are transition 
metals, such as Fe), and the alloy concerned after liquid quenching. The path below a single magnetic- 
domain field is also suddenly suggested to this fine crystalline substance phase. Furthermore, (BH) max 
NdO.15 (Fe 0.95B0.05) 0.85 were indicated to be About 14 MGOe(s) (111 kJ/m3) are reached. 
[0005] succeeding also in the attempt which obtains a permanent magnet by the Nd-Fe-B system 
presentation of the amount of Nd(s) lower than the above-mentioned technology, for example, heat- 
treating the amorphous ribbon of 77BNd4 Fe19 presentation is proposed — **** (J.de Phys., such as 
R.Coehoorn. C 8 and 1988, and pp 669-670) — it has the defect which is not sufficiently high. 
[0006] 

[Problem(s) to be Solved by the Invention] Furthermore, by above-shown JP,3-52528,B and JP,4-47024,B, 
an amorphous phase is made to remain in a ribbon and raising magnetic properties using a residual 
amorphous phase is not indicated. 

[0008] Although the conventional Nd-Fe-B system quenching magnet is highly efficient, in order for the 
amount of optimal Nd(s) to be more than 10at%, a price becomes high, and there is no competitive strength 
in a ferrite magnet in respect of a price. Therefore, the ferrite magnet is still used abundantly at the motor 
of the industrial device more than a medium size, and the actuator. By the way, for Br, 0.2-0.4T, and He 
are [ the common magnet property of a ferrite magnet ] 0.13 - 0.26 MA/m and (BH) max. 7-36 kJ/m3 It 
is each within the limits and is remarkably inferior to a rare earth magnet efficiently. Under such the actual 
condition, in respect of the engine performance, it is a Nd-Fe-B system quenching magnet and below 
equivalent, and the meaning which offers the magnet which does not become remarkably expensive in 
respect of [ ferrite magnet ] a price, and expands a magnetic use is large. 



[0009] Furthermore, the conventional Nd-Fe-B system quenching magnet powder is used as a bond 
magnet, and since processability was not excellent, powder was not able to be combined. So, only in the 
rate of a resin binder, with the conventional bond magnet, the engine performance of a permanent magnet 
was low. 
[0010] 

[Means for Solving the Problem] A permanent magnet material concerning this invention is characterized 
by consisting of a crystalline substance phase which Fe is used as a principal component (however, it is 
less than [ 91at% ]), and a soft magnetism residual amorphous phase below 10 area % and the remainder 
generate by heat treatment substantially in one sort or two sorts or more of rare earth elements (an 
abbreviated name is set to "R"), and a quenching permanent magnet material containing B, and contains a 
R-Fe-B system hard magnetism compound. Moreover, a permanent magnet concerning this invention is a 
bond magnet which combined the above-mentioned permanent magnet material of a powder gestalt by 
resin, or a bulk magnet stuck by pressure by plastic working. 

[0011] A permanent magnet material of this invention consists of amorphous phases which remain without 
crystallizing with a crystalline substance phase which an amorphous alloy crystallizes by heat treatment 
and generates the organization in a liquid quenching material in which hard magnetism is shown by using Fe. 
one sort, or two sorts or more of rare earth elements, and B as a principal component. In addition, although 
the whole organization before heat treatment should just be an amorphous phase preferably, a crystalline 
substance phase may be contained in the range which does not affect magnetic properties. A R-Fe-B 
system compound with hard magnetism is contained in a crystalline substance phase. Although there are 
few places which contribute to improvement in magnetic properties rather than a crystalline substance 
phase, while an amorphous phase's having soft magnetism on the other hand, and controlling grain growth 
in the case of heat-of-crystallization processing, enabling formation of a detailed crystalline substance 
phase and a property as the hard magnetic substance improving, the plastic-working nature of a magnet 
material is raised. Particle size with this desirable crystalline substance phase is 5-100nm. If particle size is 
larger than lOOnm, a magnetic domain will be formed in an elasticity magnetism phase, and lowering of a 
residual magnetic flux density Br will be caused. Moreover, since the magnetic properties of a crystalline 
substance phase will deteriorate if particle size is smaller than 5nm, it is not desirable. A more desirable 
particle size is 20-50nm. 

[0012] On the other hand, if a residual amorphous phase increases more than 10 area %, in order that 
magnetic association of a crystalline substance interphase may go out, magnetic properties deteriorate. A 
rate of a desirable residual amorphous phase is two to 10 area %. Furthermore, a desirable range is two to 5 
area %. In order to discover work of the above residual amorphous phases, it is desirable to carry out heat 
treatment temperature to beyond crystallization temperature, and to make heat treatment time amount 
less than into a short time, i.e., several minutes. 

[0013] Furthermore, if said crystalline substance phase contains a soft magnetism matter phase with a size 
smaller than width of face of a magnetic domain wall, deterioration of a magnet property by elasticity 
magnetism phase can be controlled. That is, if an elasticity magnetism phase becomes sufficiently smaller 
than width efface of a magnetic domain wall by existence of a residual amorphous phase, the whole 
system which magnetization of an elasticity magnetism phase is restrained sufficiently strongly by 
association with magnetization of a surrounding hard magnetism phase, and becomes from a compound 
phase by it will act as the one hard magnetic substance, and, as a result, residual magnetic flux density (Br) 
/ coercive force (iHc) will become high. 

[0014] In this invention, it is desirable that B, rare earth elements, and oxygen (O) condense and exist 
rather than a crystalline substance phase in an amorphous phase at high concentration. While making low 
concentration, such as crystalline substance Aiuchi's B, and Nd, by making suitable heat treatment 
conditions at the time of crystallizing a part of amorphous phase, B in an amorphous phase and 
concentration of Nd can be relatively made high. By performing such concentration adjustment, Curie point 
Tc of an amorphous phase becomes high, magnetic properties in a room temperature improve, and the 
temperature characteristic of magnetic properties also improves again. 



[0015] Moreover, in the above, a content ratio (Oc:Oa) of oxygen (Oc) contained in a crystalline substance 
phase and oxygen (Oa) contained in an amorphous phase is in the range of 1:1.5-1:7. A content ratio 
(Bc:Ba) of boron (Be) contained in a crystalline substance phase and boron (Ba) contained the inside of 
amorphous is in the range of 1:1.5-1:7. and it is desirable that mean particle diameter of a crystalline 
substance phase is 5-100nm. Here, Curie point Tc of an amorphous phase will become it low that it is 
Oa/Oc <1 .5, and magnetic properties in a room temperature will deteriorate, and the temperature 
characteristic of magnetic properties will also deteriorate, and an amorphous phase will make it 
nonmagnetic that it is Oa/Oc >7. Moreover, amorphous Curie point Tc will become low with it being Ba/Bc 
<1.5, and an amorphous phase will make it nonmagnetic that it is Ba/Bc >7 too. 

[0016] In one embodiment of this invention, a constituent of a crystalline substance phase of a permanent 
magnet material consists of alpha-Fe and Fe3 B and Nd2 Fe14B, and these crystals constitute mixed 
crystal. Similarly, an amorphous phase consists of a 70 - 90at% Fe and 5 - 20at% R and 0 - 25at% B. 
[0017] A presentation of a permanent magnet material is Fea Rb Be Xd (however. R shows one sort or two 
sorts or more of elements of the rare earth elements). X Co. Si, Cu. Ti. Zr, Hf, V, Nb, Ta. Mo, They are one 
sort or two sorts or more of elements chosen from W. aluminum. Cd, Au, In. Mg, nickel. Pd. Pt, Ru, Sn, and 
Zn. A magnet property and plastic-working nature which were excellent by filling 9.5at%<=b+c 0 <=d<=5at% 
40at%<=a<91at%. 4.5at%<=b<=35at%. and 0.5at%<=c<=30at% can be attained. The inside B of these elements, 
in order to form an amorphous phase, more than 0.5at% is required, but if it increases more than 30at%, a 
diameter of crystal grain will become larger than lOOnm. and plastic-working nature will fall. Moreover, R 
and B are required in order that that the total quantity is more than 9.5at% may form an amorphous phase. 
In addition, an element of X component makes a diameter of crystal grain detailed further, has the role 
which improves thermal resistance, and dissolves in part in above-mentioned alpha-Fe. Fe3 B. and Nd2 
Fe14B, or forms a separate phase. 

[0018] A more desirable presentation is 10at%<=b+c 0 <=d<=5at% 65at%<=a<=90at%, 4.5at%<=b<=7.9at%. and 
2at%<=c<=10at% from a field of a magnet property. Moreover, a desirable presentation is d<=3at% 
78at%<=a<=91at%, 6at%<=b<=1 2at%, and 3at%<=c<=1 Oat% from a field of plastic-working nature. 
[0019] Permanent magnet material powder of this invention can be used as a bond magnet combined with 
resin, such as Nylon. As a bond magnet, a rate of permanent magnet powder has 95 - 98% of the weight of 
a common thing. Furthermore, a bulk magnet joins the plastic deformation sides of a powder particle by 
carrying out plastic deformation of the permanent magnet powder by which rapid solidification was carried 
out by method of extrusion, a hotpress. etc. However, it is necessary to choose temperature of plastic 
working so that complete crystallization may not take place. Thus, density of an obtained bulk magnet is 
usually 99.5% or less of thing to true density. 

[0020] When a conjugation method is based on extrusion, extrusion is not made in extrusion temperature of 
less than 350 degrees C. and in 700-degree-C **. sufficient magnet property is not acquired by big and 
rough-ization of crystal grain. Extrusion of the reduction of area with which association of powder does not 
fully accomplish at less than 30%, but exceeds 80% is still more difficult the reduction of area with this alloy. 
After performing extrusion by the above-mentioned 350-700-degree-C temperature and 30 - 80% of 
reduction of area, a part of quenching amorphous phase is decomposed into a crystalline substance phase 
by heat-treating as occasion demands. However, if it exceeds 460 degrees C also by this method, since a 
quenching amorphous phase will decompose during plastic deformation, heat treatment may be omissible. 
[0021] Extrusion temperature and the reduction of area are changed for four kinds of plastic Nd-Fe-B 
system permanent magnets, extrusion is performed, and a result of having investigated a moldability and a 
degree of hardness of extrudate is shown in drawing 1 (table 1). In addition, the following criteria estimated 
a moldability. 

O Good pore — few (99% or more of densities) 

O Good ** failure with some pores x with much pore Improper It cannot fabricate, but Fe77Nd 4.5B15 of a 
moldability is the poorest of these four sorts of the magnet presentations, and other magnet presentations 
have a moldability in almost equivalent and good level. Moreover, 400-450 degrees C of working 
temperature are desirable in respect of a moldability. 



[0022] Although a powdered bond magnet is isotropy. in this invention, an anisotropy bulk magnet with a 
- high maximum energy product is obtained, for this reason — being alike — the easy magnetization 
direction of a crystal phase carries out orientation to the direction of extrusion by making the reduction of 
area in extrusion into 70% or more dramatically highly. About an anisotropy. it is the anisotropy energy EA. 
It measured and it was checked that it is EA !=0. Hereafter, an example explains this invention in detail. 
[0023] 

[Example] Weighing capacity of Metal Fe. Metal Nd. and the element B was carried out so that it might 
become the presentation (at%) of a table 2 of No. 1-1 5. and the alloy was produced with the single roll melt 
quenching method. That is, from the nozzle arranged in the one revolving copper roll upper part, the 
dissolution metal of the above-mentioned presentation was gushed on said roll with the pressure of argon 
gas, it quenched, and the thin band was produced. The width of face of the thin band produced as 
mentioned above was about 2mm, and thickness was about 30 micrometers. 
[0024] 
[A table 2] 

Fe Nd B No.1 90 7 3 No.2 88 7 5 No.3 80 5 15 No.4 85 5 10 No.5 90 5 5 No.6 885 7No.7 89 5 6 No.8* 917 
2No.9 90 8 2 No.10 909 1No.11 89 9 2 No.1 2 8810 2 No.1 3 89 10 1 No.1 4 906 4 No.1 5 89 6 5 Remark: 
Example of *-comparison [0025] After carrying out heat treatment for the obtained thin band for 3 minutes 
at 700 degrees C, the result of having investigated the configuration according to the X diffraction is shown 

drawing 2 . Bordering on about 1 0 at(s)%, when larger than this, it became amorphous, and when there 
was little sum of a presentation of Nd and B, it became the mixed phase of an amorphous substance and a 
detailed crystal. Therefore, the sum of the amount of Nd and B of the amorphous formation range in Fe- 
Nd-B the system of 3 yuan is more than 9.5at% at least. 

[0026] The result of having investigated the structure in a heat treatment process using DSC and an X 
diffraction is shown in drawing 3 . In sample No.1 and No.2, three steps of exothermic peaks were observed 
clearly, and each peak supported crystallization of alpha-Fe and Fe3 B and Nd2 Fe14B. It turns out that 
sample No.1 in which Fe3 B and an exothermic peak have appeared, and No.2 are excellent in a magnetic 
property so that it may mention later. 

[0027] Next, the alloy thin band of No.1 was heat-treated for 3 minutes at 700 degrees C. The organization 
of the sample after heat treatment is an alpha-Fe phase, Nd2 Fe14 B phase, and Fe3. He was the mixed 
phase organization which consists of a detailed crystal which consists of a B phase, and an amorphous 
phase. Drawing 4 is the TEM photograph which heat-treated sample No.1 of this invention for 3 minutes at 
700 degrees C. When this photograph is seen, it turns out that the detailed crystalline substance phase and 
detailed amorphous phase of about 20-50nm are intermingled. 

[0028] Similarly, the result of having measured the presentation of the crystalline substance phase after 
heat treatment of this invention of sample No.1 and an amorphous phase by three places using EDS is 
shown in a table 3. It turns out that Nd in amorphous exists mostly compared with Nd in a crystalline 
substance phase. In addition, the presentation of B was computed from the presentation ratio of the 
crystalline substance phase and amorphous phase which are shown in a charge presentation and table 5 of 
B. 

[0029] 
[A table 3] 

The chemical analysis of the configuration phase of sample No.1 (at%) Fe Nd B Analysis (1) Crystalline 
substance phase 95.3 1.8 2.9 An amorphous phase 83.6 11.2 5.2 Analysis (2) Crystalline substance phase 
95.7 1.52.8 Amorphous phase 83.8 9.2 7.0 Analysis (3) Crystalline substance phase 96.9 0.6 2.5 amorphous 
phase 73.7 13.2 13.1 [0030] Moreover, the result of having measured O and B which are contained in the 
crystalline substance phase and amorphous phase after sample No.1 of this invention and heat treatment 
of No.9 using EDS and PEELS, respectively is shown in a table 4. The amount of O in an amorphous phase 
was 2.6 to 6.5 times the amount of O in a crystalline substance phase, and the amount of B in an 
amorphous phase was 1.8 to 5.7 times the amount of B in a crystalline substance phase. 
[0031] 



[A table 4] 

Crystalline substance phase : B in an amorphous phase, the content ratio of O element Sample No.1 
Sample No.9 B O B O (1) 1:1.8 1:2.6 1:2.3 1:4.5 (2) 1:2.5 1:2.9 1:4.2 1:5.3 (3) 1:5.31:3.1 1:5.7 1:6.5 [0032] The 
result of having measured the magnetic properties after heat-treating to a table 5 using VSM is shown. 
According to the table 5, sample No.1 which is the presentation range of this invention, and No.2 are (BH) 
max. It excels, it — receiving — Fe content — the presentation of this invention — sample No.8 out of 
range — (BH) max It turns out that it is inferior. 
[0033] 
[A table 5] 

Heat treatment conditions Br He (BH) max (T) (MA/m) (kJ/m3) 1 For 700 degrees C and 3 minutes 0.97 
0.21 72.0 2 For 700 degrees C and 3 minutes 0.96 0.19 61.4 8 For 700 degrees C and 3 minutes 0.62 0.10 
19.7 9 For 700 degrees C and 3 minutes 0.86 0.16 35.7 [0034] It is (BH) max after a heat treatment 
condition to drawing 2 . The result plotted to the presentation of Nd and B is shown. The total quantity of 
Nd (rare earth elements) and B is 20 kJ/m3. (BH) max of a more than They are 60 kJ/m3 by carrying out 
to more than 9.5at%, in order to obtain carrying out to more than 10at% desirable still more preferably. (BH) 
max It turns out that the thin band which it has is obtained. Therefore, the organization after heat 
treatment consists of a fine crystal and an amorphous phase, and if Nd, O, and B have condensed at high 
concentration compared with a crystalline substance phase to this amorphous phase, good magnetic 
properties will be acquired. 

[0035] The quenching thin band of the presentation which consists of Fe89Nd7 B4 by the example 2 single 
rolling method (at%) was produced. This thin band was amorphous single phase by the X diffraction result. 
Amorphous powder with a particle size of 150 micrometers or less was obtained by grinding this thin band 
with a rotor speed mill. The container made from a steel plate (SS41) was filled up with the obtained 
powder, extrusion was carried out so that it might come after a heat deairing at 300 degrees C and might 
come 50% of reduction of area at 450 degrees C into a vacuum, and the bulk object of 99% of pack density 
was acquired. Bulk object tissue was amorphous single phase. In the 1x10-4 or less torrs ambient 
atmosphere, heat treatment for 5 minutes was performed for the bulk object at 700 degrees C after that. 
The tissue of the bulk object after heat treatment consisted of amorphous phase. bcc-Fe, and Nd2 Fe14B. 
Moreover, the bulk object showed the magnet property of Br=13.0kG (1.03 MA/m), iHc=3.2kOe (0.25 
MA/m), and (BH) max =14.2 MG-Oe (113 kJ/m3). 

[0036] The quenching thin band of the presentation (No.1 of a table 2) which consists of Fe90Nd seven B3 
by the example 3 single rolling method (at%) was produced. This thin band was amorphous single phase by 
the X diffraction result. Amorphous powder with a particle size of 150 micrometers or less was obtained by 
grinding this thin band with a rotor speed mill. The container made from SS41 was filled up with the 
obtained powder, extrusion was carried out so that it might come after a heat deairing at 300 degrees C 
and might come 50% of reduction of area at 490 degrees C into a vacuum, and the bulk object of 99% of 
pack density was acquired. Bulk object tissue was the mixed phase of an amorphous phase and bcc-Fe. In 
the 1x10-4 or less torrs ambient atmosphere, heat treatment for 3 minutes was performed for the bulk 
object at 750 degrees 0 after that. The tissue of the bulk object after heat treatment consisted of 
amorphous phase, bcc-Fe, and Nd2 Fe14B. The magnet property of Br=10.8kG (0.86 MA/m). iHc=2.3kOe 
(0.18 MA/m), and (BH) max =8.8 MG-Qe (70 kJ/m3) was shown. This magnet property showed some 
lowering as compared with 1 of a table 5. 

[0037] The quenching thin band of the presentation which consists of Fe89Nd7 B4 by the example 4 single 
rolling method (at%) was produced. Amorphous powder with a particle size of 150 micrometers or less was 
obtained by grinding this thin band with a rotor speed mill. The container of a steel plate (product made 
from SS41) was filled up with the obtained powder, extrusion was carried out so that it might come after a 
heat deairing at 300 degrees C and might come 80% of reduction of area at 680 degrees 0 into a vacuum, 
the crystal was deposited in processing and coincidence, and the bulk object of 99% of pack density was 
acquired. The tissue of the bulk object after extrusion consisted of amorphous phase, bcc-Fe. and Nd2 
Fe14B. As a result of investigating the magnetic properties of this bulk object, the magnet property of 



Br=12.1kG (0.96 MA/m), iHc=2.5kOe (0.19 MA/m), and (BH) max =13.0 MG-Oe (103 kJ/m3) was shown, 
and the maximum energy product equivalent to a Nd=15at% Nd-Fe-B system quenching thin band was 
obtained. 
[0038] 

[Function and Effect of the Invention] In order to make high energy of ah amorphous phase / crystalline 
substance phase-boundaries side, a residual amorphous phase controls grain growth and its magnet 
property improves (claim 1). Since the method of improving a magnet property using a residual amorphous 
phase differs from the method of improving the property of the conventional R-Fe-B system compound, it 
will be able to perform material development in respect of the improvement in magnetic properties of a 
residual amorphous phase from now on. 

[0039] Moreover, by making it detailed. alpha-Fe and Fe3 B which is the elasticity magnetism phase which 
exists besides Nd2 Fe14B which is a hard magnetism compound in a crystalline substance phase makes 
these phases a hard magnetism phase, carries out behavior, and raises a magnet property as a result 
(claims 2 and 5). For this reason, the permanent magnet of the presentation with much Fe in which alpha- 
Fe is easy to be formed can be manufactured. 

[0040] Adoption of the means (claims 3 and 4) which makes Curie point Tc of an amorphous phase high 
improves the magnetic temperature characteristic. 

[0041] If the amount of rare earth elements is lessened (claim 7), it is dramatically advantageous in respect 
of raw material cost. And the magnet material of this presentation is (BH) max as compared with a ferrite. 
It is more than an EQC and the application to the device used at the motor for industrial use which Br 
exceeded the ferrite, and utilized this property since the temperature characteristic was good, an actuator, 
especially an elevated temperature is expected. 

[0042] The bond magnet (claim 9) which solidified the material powder of this invention by resin is a 
competitive magnet of positioning in the middle of a rare earth magnet and a ferrite magnet conventional in 
the field of the engine performance and a price. That is. although the engine performance like the former is 
not required, the magnet of this invention is suitable for a use with the latter dissatisfied engine 
performance. 

[0043] On the other hand, since the magnet engine performance is superior to the bond magnet (claim 9). 
the bulk magnet (claim 10) which coupled powder directly is a magnet which advanced 1 step in respect of 
competitive strength. According to this invention, a common anisotropic magnet is obtained in a sintered 
magnet, without depending on sintering (claim 11). Moreover, since a magnet property equivalent to the 
conventional quenching thin magnetization stone is acquired even if Nd content decreases a little less than 
10% by this, raw material cost reduction has a remarkable thing. 



[Translation done.] 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the chart ( drawing 1 ) showing the moldability of four sorts of Nd-Fe-B system magnet 
powder. 

[Drawing 2] The organization of the Nd-Fe-B system magnet relevant to the amount of Nd(s). and the 
amount of B, and (BH) max It is the shown graph. 

[Drawing 3] It is the graph which shows heat treatment temperature and a generation crystalline substance 
phase. 

[Drawing 4] It is the TEM photograph metaloscope (one 2 million times the scale factor of this) which heat- 
treated sample No.1 of this invention at 700 degrees 0 for 3 minutes. 
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[0 0 4 0] #SHffi®^ri'J-.'^TcSrl«<-rS#© 
(WJi^ias, 4) SrSffi-r^i:, ^5©iaS#tt:*iefem 

[0 0 4 1] ^±m7m(Jim.^'>u < -r ^ i (w^a 

7) , MiH-nx h0tiT#^{r*fiJTS-5= bd^'fc^:© 
ffifi£cDJ^5*t^sftt7x^-r htlfcfi^-rst (BH) max 

[0 0 4 2] *^HJ(D*?i^l|!&*<£^ligT@<l:bfcJ}?>H 
ma (it*^9) tt. ■t4t6S;<^ffi^<7)STti£*0?&±M 

[0 0 4 3] -:3^« ©*^a^if5^b;tAJi.^?a5 (» 
:^JB1 0) tt:!)^>Hii5 (Mim.^') i fe^Stttg*^ 

i3Nd^*»;in 0%ll*><g;MbTtt»e*©-«l?&#«l^ 

tt^bVifc©*tS-5. 
[SM®ffi*;^|ft0J] 

[01] 4ffi(DNd-Fe-BJSS5l!a*(DjEigJ^tt&^j^ 
-r^S (HI) TS.^o 

[02] NdMtBaflHil-r^Nd-F e-BISee 
OMi^RZ^ (BH) max 5r^Ti?'5:7T$)^. 

[0 3] ^MStaS<!:±fiKif^SKffi&*-ri^7 7T* 

[0 4] *:^HJ<;)|iipJNo. 1 ^£ 7 0 CCTS^^^Saii 
bfcTEM¥K^Jl®l?5:M ({§^2 0 OTTfS) T'S^. 
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